Abstract-Coal combustion is widely used in the Philippines and is a major contributor to power generation due to its low cost; however, it produces wastes such as emissions and fly ash (FA). Traditional fuel combustion uses pulverized coal (PC) boilers while modern technology involves the use of circulated fluidized bed (CFB) boilers which produce less emissions and are more efficient. However, the fly ash produced from CFB combustion has limited application to the construction industry as opposed to PC FA which is used as an additive to the cement industry. In this study, CFB FA is used as filler and the matrix is orthophthalic unsaturated polyester resin. Moisture absorption study is conducted on the composite by immersing in water and constant weighing of samples at specified time intervals. Percent weight gain is reported. Particle loading and sorption temperatures are varied and their effects are observed. With the increase in particle loading, absorbed moisture increases while diffusivity decreases. Increase in temperature leads to an increase in moisture absorption and diffusivity. The CFB FA is also treated using coconut oil which is composed of saturated fatty acids (majority of which is lauric oil). Coconut oil serves as a non-coupling type surface modifier. Untreated and treated fly ash samples are characterized by X-Ray Flourescence (XRF), Scanning Electron Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FTIR). The effect of treatment to composite moisture absorption at 80oC (different particle loading) is observed and it is found to decrease moisture absorption.
I. INTRODUCTION
Combustion of solid fuels is one of the most widely used source of energy. Worldwide, coal is a sought-after energy source. It is often the cheapest fuel option and has a large reserve. Philippines is a coal consuming country, having coal as one of the major contributors to power generation [1] . Energy consumption and generation in the Philippines is increasing and with this power generation from coal will also increase. This will continue to increase as the government promotes clean coal technology, production of coal and establishment of ASEAN Coal Supply Security Agreement. The increase in production of coal is targeted to displace and decrease oil use [2] .
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clean coal technology, wherein circulating fluidized bed (CFB) are used. Circulating fluidized bed combustion (CFBC) boiler can utilise all grades of coal and lignites in an efficient and environmentally clean way (lower emissions) [3] .
Combustion of solid fuel has a by-product, fly ash. Conventional pulverized coal (PC) boilers produce fly ash that is traditionally used as an additive in Portland cement production [4] . However, CFB fly ash has limited applications in cement and land restoration [5] . Composition and properties of CFB fly ash is dependent on the type and origin of the fuel used as well as the combustion conditions, and these might not be able to meet set standards [6] . Also according to European Standard, fly ash is defined to be spherical and contain glassy particles. CFB fly ash differs because it is not spherical and the glassy phase is not present [7] .
Instead of being disposed in landfills, there are studies that utilize CFB fly ash. Some studies include the use of fly ash as soil pH modifier [8] , for value added pavement construction [9] , autoclaved bricks [10] and zeolitic materials [11] . Another potential use of CFB fly ash and the focus of this study is as filler to produce composites. Fillers are generally inert material in composites which help reduce material cost, improve mechanical properties and may improve processability [12] . This research is focused on conducting moisture absorption studies of CFB fly ash reinforced composites. The matrix to be used is orthophthalic unsaturated polyester resin. Unsaturated polyester resin has versatile properties and application. It also does not need high pressure moulding equipment [13] and is capable of curing at room temperature [14] . It is a popular thermoset used as martix for composites [15] . It is widely used because of its processability and good crosslinking tendency. Polyester composites have been used in many applications such as naval construction, waterlines, pipes, shower stalls, corrosion resistant tank, building panels and building constructions [16] . Non-fiber reinforced polyester applications also include sinks, bowling balls and coatings [17] .
The use of fly ash as filler is still not widespread because of weak interfacial bonding. A large part of fly ash is composed of silicon dioxide, aluminium oxide and iron (III) oxide, these are polar and make the fly ash hydrophilic while the matrix is hydrophobic. In order to increase interfacial bonding, the surface of the fly ash is modified. There are many studies involving surface modification. There are studies which increase the surface area of the fly ash [18] , [19] . the use of surface modfifiers, both the coupling agents and non-coupling type such as fatty acids. A study employed the use of a coupling agent silane [20] and a recent study employed the use of stearic acid as to make the hydrophillic CFB fly ash, hyrdrophobic [21] . For this study, fatty acids from coconut oil (mostly lauric acid) will be used to treat the surface of CFB fly ash. There are limited studies on using CFB fly ash as filler to reinforce thermosets thus its properties have not yet been studied in great detail. The purpose of this study is to investigate moisture absorption behaviour of CFB fly ash filled polymer composite and how it is affected by sorption temperature, particle loading and treatment of fly ash.
II. MATERIALS AND METHODS

A. Materials
The CFB fly ash used in this study was from a pulp and paper plant located in Bulacan, Philippines. The matrix used in all the samples was orthophthalic unsaturated polyester resin, R 10-103, from Polymer Products (Phil) Inc. Polymer hardener (methyl ethyl ketone peroxide) and mold releaser/cleaner (Durawax®) were also procured from Polymer Products (Phil) Inc. Ethanol and sulphuric acid used in treatment of the fly ash was from BE Scientific. Commercially available Minola® Premium Lauric Oil is used as treatment.
B. Chemical Treatment of Fly Ash
Procedure for treatment is adapted from [21] . 200 mL of distilled water and 100 g of fly ash was mixed in a 600 mL beaker. The pH of the slurry was adjusted to 8 using concentrated sulphuric acid. In another 600 mL beaker, 3 g of coconut oil is dissolved in 60 mL ethanol heated at 60 
C. Composite Production
Prior to mixture preparation, mold (2mm thick aluminium flat bars and metal sheets) and plastic film (commercially available as OHP acetate films) were waxed for easier releasing of samples and mold cleaning. The mold was prepared on the heat press as follows: newspaper, metal sheet, plastic film, aluminium flat bars. The press was turned on and pre-heated to 55 o C for 15 minutes. Orthophthalic resin was mixed with 1.5% by weight MEKP hardener in a PET container. CFB fly ash with varying compositions (10%, 30%, 40%) was then added to the mixture. The resin-fly ash mixture was mixed using a hand mixer at maximum speed for 5 minutes. After mixing, the resin-fly ash mixture was de-aired using a vacuum dessicator until there were no visible air bubbles in the mixture. The resin-fly ash mixture was poured into the mold. Plastic film was then carefully placed, preventing formation of air bubbles. Metal sheet was placed over the plastic film, followed by newspaper. The press was then closed and maintained at 55 o C for 6 hours.
The composite was released from the mold and the rectangular slab was cut to samples with dimensions of 4 cm × 2 cm. Edges of the samples were refined using sandpaper.
D. Sorption Test
Sample pre-conditioning: 3 specimens were prepared per weight fraction per sorption temperature. Samples were dried in the heat press for 1 hour at 55 o C and cooled in the dessicator. Dimensions of the samples were measured using a digital caliper and initial weight of the samples was measured using an analytical balance.
Sorption Proper: The water bath was prepared by setting sorption temperature. 1000 mL beakers were filled with 1000 mL distilled water, placed in the water bath and allowed to attain constant temperature.
Samples were placed in the prepared beakers. One beaker contains 3 specimens with the same fly ash weight fraction. The samples were weighed following set time intervals. In weighing the specimens, surface water was quickly wiped off using lint-free wipes.
Post sorption: After sorption, samples were wiped with lint free wipes. Dimensions were measured and physical changes were noted.
III. RESULTS AND DISCUSSION
A. Mineralogical Composition of CFB Fly Ash
Fly ash is mostly composed of salts. These salts are polar in nature, making fly ash hydrophillic. Table I shows the composition of fly ash. 
B. Diffusion Model Fitting
Fickian model of diffusion was fitted to the water absorption data of the composite and neat resin for different temperatures. The samples are assumed to be homogenous and isotropic and the diffusivity constant along all directions. Diffusivity is assumed to be only dependent on temperature and particle loading. One dimensional diffusion (through the thickness) is also assumed. According to Fick's law:
(1) 
where: M t = % moisture content (dry basis) at time t M ∞ =% moisture content (dry basis) at infinite time l= thickness of specimen and
And according to [23] , approximately:
In order to fit the experimental data with the model, diffusivity and moisture equilibrium content has to determined experimentally; and from [22] fr small times:
Graphing % weight gain vs. square root of time, for small t, a linear part is observed before approaching constant moisture content, M ∞ (see Fig. 1 ). From the slope, diffusivity is calculated as follows: Fig. 2A-Fig. 2D show the fit of the Fickian model to experimental data. The model is fitted for different particle loading and temperature. Table II also shows values calculated and used for model fitting. When the temperature is set to 80 o C, the resin and composite starts to show signs of degradation. This study is limited to moisture absorption and diffusion thus only the sorption part is considered and for data fitting, it is assumed that at the start, only diffusion occurs until maximum moisture absorption has been reached. After which, degradation and weight loss starts.
C. Effect of Temperature
In general, diffusivity increases as temperature increases and often related by the Arrhenius equation [24] . (7) where: D=diffusivity D 0 =frequency factor ∆H= activation enthalpy of diffusion R= gas constant (8) Another effect of temperature is observed on the equilibrium moisture content. Equilibrium moisture content is a function of the material and relative humidity. For materials immersed in liquids, equilibrium moisture content is constant. However, for this experiment, equilibrium moisture content increased as a function of temperature (see Table II ).
The increase in equilibrium moisture content might be due to the composite undergoing some changes such as matrix swelling and plasticization. When exposed to moisture, water acts a plasticizer, lowering the glass transition temperature of polymers [25] . Coupled with an increase in temperature, the matrix might have reached its glass transition temperature. Fig. 3 shows that glass transition temperature of the neat resin is 71.37 o C-72 o C. In the glass transition temperature, the polymer transforms from a glassy/rigid state to a rubbery state. Matrix swelling (and cracks inside the composite) also occurred, making more moisture trapped in the composite. Physical changes become evident at high temperature.
Neat
Untreated fly ash composites tend to become lighter in color as temperature is increased. Also, for samples of higher loading, swelling is observed for higher temperatures. From Table II , generally, diffusivity decreases as particle loading increases. The presence of fly ash made diffusion in the composite slower. It might have provided obstruction in the pathway of water. Being porous, water absorbed also has to diffuse through the fly ash. At 80 o C, the effect of particle loading differs. Diffusivities of composites have relatively close value and are below the calculated diffusivity for neat resin sample. Excluding the diffusivity for neat resin, diffusivities of the composites at this temperature are generally increasing. These differences may be attributed to the temperature being above glass transition temperature thus causing changes to the material (and possibly degradation).
D. Effect of Particle Loading
Particle loading also affected equilibrium moisture content. As seen in Table II , for untreated fly ash, as particle loading increases, equilibrium moisture content also increases. Fly ash is porous and hydrophilic, thus the presence of fly ash increased amount of water absorbed. However, for treated fly ash, the trend for equilibrium moisture cannot be clearly established but it can be noted that the percent difference between equilibrium moisture of treated and untreated fly ash increases as particle loading increase. Since fly ash is porous, it tends to absorb moisture, thus when treated, the effect on its hydrophobicity affects its ability to absorb moisture and this effect becomes more evident when particle loading is increased.
E. Effect of Treatment
Treated fly ash is characterized by scanning electron microscope (SEM). As seen in Fig. 4 , the size of the fly ash decreased and became glass shard-like. The decrease in size might be due to the reaction of sulphuric acid with fly ash [26] .
A.1
A.2
International Journal of Chemical Engineering and Applications, Vol. 6, No. 1, February 2015 From Table II, Fourier transform infrared spectroscopy (FTIR) analysis (see Fig. 5 ) shows the functional groups present in the coconut oil, treated and untreated fly ash. Peaks at 3548 and 3605 are due to the O-H from alcohols. Peaks at 2900 and 2853 indicate the presence of CH 3 and CH 2 from aliphatic compounds. These peaks are evident in coconut oil because of the saturated fatty acids. These peaks also appear for treated fly ash as the saturated fatty acids coat the fly ash. The peak at 1000 cm -1 present in untreated fly ash decreased in treated fly ash, this represent the presence of SiO 2 that might have reacted with the treatment causing a decrease in absorbance at this wave number for treated fly ash [27] .
FTIR results show that there are changes in the functional group of the fly ash. The acid group may have reacted with the basic filler, while the long chain ends coat the filler making the filler hydrophobic. Fig. 6 shows the change in the treated fly ash and its hydrophobicity.
When used as filler, the treated fly ash affects the diffusivity and equilibrium moisture content of the composite. Equilibrium moisture content of the composite is lowered due to the hydrophobicity of the treated fly ash while the rate of diffusion is similar until it reached the lowered equilibrium moisture content (see Fig. 7 ) Matrix swelling still occurred but less than the untreated fly ash composite. IV. CONCLUSION CFB fly ash reinforced composite was successfully produced and its moisture absorption properties are studied.
In temperatures below glass transition temperature, one Particle loading has an impact on treated and untreated fly ash composites. Its effect is more apparent on moisture equilibrium content. Fly ash, being porous and hydrophilic, increases equilibrium moisture content as particle loading increases. Particle loading also affects diffusivity but inversely. As particle loading increase, diffusion of water thru the composite becomes slower. Fly ash may have acted as obstruction and the presence of its pores may have caused overall slower diffusion as water also diffused through the fly ash.
The treatment has an effect on the properties of the fly ash and may have improved moisture absorption of the composite. As seen on the FTIR results, there is a change in fly ash functional groups. Treated fly ash also became hydrophobic from being hydrophilic. Treated fly ash composites absorbed less moisture compared to their untreated counterparts.
Studies involving the effects of different filler size, matrix type and treatment can be further investigated. Also, the effect of plasticization and degradation can be studied to gain further understanding and life cycle assessment of the material.
